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The Taiwan Bottling Company was established in the early
sixties. It produces carbonated soft-drinks in a production
plant at a town called Hsichih, 10 kilometers east of
Taipei. The finished products are distributed by transport
trucks to 35 warehouses where the products are temporarily
stored and finally redistributed to retail outlets by route
sales trucks. The location of the plant and the warehouses
are shown in Figure (1).
The company has been experiencing excellent sales growth
since the early eighties. The production facility at the
Hsichih plant was expanded a couple of times to cope with
past sales growth. Further expansion of the plant is no
longer possible. As the sales growth is expected to sustain
at least through 1990 and that the existing plant can barely
cope with the sales demand in 1986, a new plant needs to be
built immediately and completed before summer of 1987 to
meet the sales demand in the peak months.
This paper presents an expansion plan which was developed
from results of a study using linear programming method. The
expansion plan details the different expansion alternatives,











































3the timing of the expansion, production equipment sizing,
and provides a recommendation of the new plant's location
based on an economical evaluation of the alternatives.
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CHAPTER II
SCOPE OF EXPANSION PLAN
The objective of this study is to develop an expansion plan
for the Taiwan Bottling Company. This plan shall include:
1) What are the production capacity and capability
required of the new plant?
The production capacity and capability of the Hsichih plant
are compared with a five- or six-year sales forecast to
derive the minimum expansion requirement. Whether a minimum
or larger plant facility (to cater for future expansion)
will be built can then be determined by financial analysis.
2) Where is the most optimal location for the new plant?
First select two to three alternative locations for the new
plant. One alternative will be arbitrarily assigned as a
comparison base against other alternatives. Determine all
the relevant cost data pertaining to the selection of the
location of the plant, i.e. transportation cost, raw
material cost, labour cost, capital investment cost, etc.
Using the sales forecast as the demand, an optimal
distribution/production pattern is derived by linear
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programming method. This pattern will be used to calculate
the various costs for each alternative. The alternative with
the lowest cost or best return will be selected.
3) How much capital investment is required?
From the capacity and capability of the new plant facility
determined by 1), a list of items requiring capital expend-
iture can be established and the related capital costs
calculated.
4) How should a subsequent expansion be handled?
The expansion plan will provide guidelines as to how a
future expansion should be carried out, i.e. should a new
plant be bought in future while keeping the present
expansion minimal, or should a plot of land be bought now
which is large enough to provide sufficient area for future
expansion when required? This can be addressed through the





The Hsichih plant currently produces softdrinks in seven
types of packages. The details of these packages are shown
in Table 1.
There are two production lines in the plant: one produces
products in aluminium cans and the other in bottles. The
production capacity of these lines are shown in Table 2.
Equivalent Cases
Due to the non-availability of microcomputer softwares for
linear programming in Hong Kong, the study needs to be
simplified to make the linear programming more manageable
and being able to be performed on a standard spreadsheet
software such as Lotus 1-2-3. The simplification needs to be
designed to ensure that the results are representative and
accurate.
The new plant location will affect transport, raw material,






Returnable glass bottle 192-mL Plastic case 24
Returnable glass bottle 300-mL Plastic case 24
Returnable glass bottle 770-mL Plastic case 12
Aluminium can 355-mL Paper carton 24
One-way glass bottle 300-mL Paper carton 24
One-way PETa bottle 1250-mL Paper carton 12
One-way PET bottle 2000-mL Paper carton 8
a- Plastic: polyethylene terephthalate
TABLE 2
PRODUCTION CAPACITY
Filling Rate (in cases/hr)
Line Package
Actual Equivalent Cases
1 355-mL can 600 375
2 192-mL returnable 585 585
300-mL returnable 585 585
700-mL returnable 666 717
300-mL one-way 800 500
1250-mL PET. 721 515
2000-mL PET 721 515
8on total cost caused by transport costs is the most
significant. To simplify the study, it was decided to
convert the transport costs per case per kilometer for
different packages into one single cost. In so- doing, the
volume of each package needs to be adjusted to obtain an
accurate total cost. Hence all volumes in physical cases, of
both production and sales, are converted into equivalent
cases according to the transport cost relationship. The












That the returnable bottles cost more to transport is
because the empty bottles must be shipped back to the
production plant for refilling. All volumes are converted
based on the above conversion factors to arrive at the
corresponding equivalent cases. The package of 300-ml
returnable bottle is used as a base because that is the
major package.
CONVERSION INTO EQUIVALENT CASES
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Effect of Equivalent Volume on Production Capacity
The can line is dedicated to produce cans only and hence its
production capacity is fixed. For the bottling line, the
number of hours allocated to each package will vary with the
sales demand of that package. The production capacity of the
bottle line, in equivalent cases, will hence vary from year
to year as sales demand changes. The equivalent production
capacities for each year are shown in the next section in
Table 4.
Sales Forecast
The company traditionally prepares sales forecast for five-
year periods. The latest sales forecast for the period of
1986-1991 for the whole Taiwan is shown in Table 4.
Taiwan is geographically divided into three areas: Northern,
Central and Southern Taiwan. The rapid economic development
in Northern Taiwan is gradually moving southwards. The share
of sales volume by Central and Southern Taiwan is expected
to increase every year. Table 5 shows the projected sales
contribution of each area.
Based on 1985 sales figures, the percent share of sales
volume by each warehouse is shown in Table 6. Using Tables
4, 5 and 6, a six-year sales forecast (1986- 1991) for each
warehouse and for each package is developed and shown in
Tables 7, 8 and 9.
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TABLE 4
SALES FORECAST (in '000 phy. cases)
Package 1986 1987 1988 1989 1990 1991
a. Returnables
- 192 mL 260 225 200 200 200 200
- 300 mL 1,560 r, 747 1,957 2,192 2,455 2,749
- 700 mL 546 450 400 400 400 400
Sub-Total: 2,366 2,422 2,557 2,792 3,055 3,349
b. Cans
3.199355 mL 2,782 3,679 4,231 5.5964,866
Sub-Total: 2,782 3,199 4,2313,679 4,866 5,596
c. One-Ways
105- 300 mL OWB 116 127 140 154 169
-1250 mL PET 493 542 597 656 722 794
-2000 mL PET 93 105 119 134 152 171
Sub-Total: 691 763 842 1,027930 1,134
Total: 5,839 6,384 7,078 7,953 8,948 10,079
Equivalent Cases
a. Returnables 2,407 2,456 2,587 2,822 3,085 3,380
b. Cans 1,739 2,000 2,299 2,644 3,041 3,497
c. One-Ways 484 534 590 720652 795
Total: 4,630 4,990 5,477 6,118 6,846 7,672
Production Capacities in Equivalent Cases
a. At Hsichih Plant (present)
Ret./&
2,992 2,984 2,975 2,9683,041 3,012One-ways
1,875 1,875 1,8751,875 1,875 1,875Cans
b. At New Plants (assumed)
Ret./&
4,985 4,9474,987 4,9735,0205,068One-Ways
3,125Cans 3,1253,125 3,125 3,1253,125
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TABLE 5
TERRITORIAL SALES CONTRIBUTION (1986- 199.1)
Northern Central Southern





1990 52% 23% 25%
1991 25% 25%50%
Transport Cost
The Hsichih plant supplies all warehouses through contract
distributors. The costs charged by the distributors for 300-
ml returnables are shown in Table 10A. As all volumes are in
equivalent cases using 300-m1 returnables as a base, the
transport cost of 300-m1 returnables is used for all
computations.
The rates charged by the distributors follow these straight
line formulae:
If d is the number of kilometers from warehouse to plant,
1) west coast
d is shorter than 150 km.,
a
Rate= NT$( 3.00+ 0.0709 x d)
d is longer than 150m km.,
Rate= NT$( 9.65+ 0.0257 x d)




Rate= NT$( 7.70+ 0.0501 x d)
Based on the above formulae and Table 10 Warehouse
Distance, the transport -rates for three other probable
plant locations: Taichung, Chiayi* and Kaohsiung, are
calculated and also shown in Table 10A.
Manufacturing Cost
The relevant components of the manufacturing cost are




All raw materials are the same irrespective of the location
of the plant, except sugar cost. Sugar is NT$ 300 per ton
cheaper in Central and Southern Taiwan.
Sugar requirement varies with flavour of the product. The
company's record shows the yield data for their products per
Table 11. The difference in sugar costs implies that
products supplied from a plant located at Central or
Southern Taiwan will use cheaper sugar than that located at
the north.
a- The east coast of Taiwan is more mountainous and hence
it costs more to transport.
13
TABLE 6












































SALES VOLUME OF WAREHOUSES (in '000 equivalent cases)
FOR RETURNABLE BOTTLES



























































































































































































































































Sub-Total: 504 542 596 704 771 845
Total: 2,404 2,458 2,588 2,822 3,087 3,378
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TABLE 8
SALES VOLUME OF WAREHOUSES (in '000 equivalent cases)
FOR CANS
Warehouse 1986 1987 1988 1989 1990 1991
Northern Taiwan
Taipei 581 647 707 757 839 928
Taoyuan 223 248 271 290 321 355
Panchiao 128 142 156 167 184 204
Hsinchu 95 106 116 124 137 151
Ilan 26 29 32 34 38 42
Keelung 18 20 21 23 25 28
Lotung 8 9 10 10 11 13
Toufen 7 8 9 11 11 12
Miaoli 4 4 5 5 6 6
Shuangsi 3 4 4 4 5 5
Pinglin 3 3 3 4 4 4
Sub-Total: 1,096 1,220 1,334 1,429 1,581 1,748
Central Taiwan
Taichung 111 136 175 222 280 350
Chiayi 55 67 86 110 138 173
Hualien 38 46 59 75 94 118
Changhua 23 29 37 47 59 73
Tungshih 14 17 22 28 35 44
Chingshui 10 13 16 21 26 32
Puli 7 9 11 14 18 22
Nantou 6 7 9 12 15 19
Tienchung 5 6 8 10 12 16
Hsilo 4 5 6 8 10 12
Chusan 3 4 5 6 7 10
Shuili 2 3 3 4 5 7
Sub-Total: 278 R76342 437 557 699
Southern Taiwan
Kaohsiung 187 225 271 339 389 448
Tainam 103 125 150 187 215 248
Tsoyin 23 27 41 4833 55
Pintung 21 26 31 39 44 51
14Taitung 16 20 25 29 33
5Chishan 6 8 10 11 13
4Yuching 5 6 7 8 9
4Hsinshih 3 4 6 6 7
2Tungkong 2 2 43 3
2 2Meinung 2 43 3
1 1Hsuenchi 2 2 2 3
1 1 1Chiali 1 1 1
440366 530 663 759Sub-Total: 876
1,740 2,3012,002 2,649 3,039 3,500Total:
TABLE 9
SALES VOLUME OF WAREHOUSES (in 1000 equivalent cases)
FOR ONE-WAY BOTTLES
Warehouse 1986 1987 1988 1989 19-90 1991
Northern Taiwan
Taipei 162 173 182 187 199 211
Taoyuan 62 66 70 72 76 81
Panchiao 36 38 40 41 44 46
Hsinchu 26 28 30 30 32 34
Ilan 7 8 8 8 9 10
Keelung 5 5 5 6 6 6
Lotung 2 2 2 3 3 3
Tou f en 2 2 2 2 3 3
Miaoli 1 1 1 1 1 1
Shuangsi 1 1 1 1 1 1
Pinglin 1 1 1 1 1 1
Sub-Total: 305 325 342 352 375 397
Central Taiwan
Taichung 31 36 45 55 66 80
Chiayi 15 18 22 27 33 39
Hualien 10 12 15 18 22 27
Changhua 7 8 9 11 14 17
Tungshih 4 5 6 7 8 10
Chingshui 3 3 4 5 6 7
Puli 2 2 3 3 4 5
Nantou 2 2 2 43 4
Tienchung 1 2 2 2 3 4
Hsilo 1 1 2 2 2 3
Chusan 1 1 1 1 2 2
Shui li 1 1 1 1 1 2
Sub-Total: 78 11291 135 165 200
Southern Taiwan
Kaohsiung 52 60 70 83 92 102
Tainam 29 33 4638 51 56
Tsoyin 6 7 8 10 11 12
Pintung 6 7 8 10 10 12
Taitung 4 4 5 6 7 7
1 2Chishan 2 2 3 3
Yuching 11 1 2 2 2
Hsinshih 1 1 1 1 1 2
Tungkong 10 1 1 1 1
Meinung 00 1 1 1 1
Hsuenchi 00 0 10 1
0Chiali 0 0 0 0 0
116 135Sub-Total: 100 162 180 199




Distance between Plant/Warehouse (in km)
Warehouse Hsichih Taichung Chiayi Kaohsiung
Northern Taiwan
Taipei 0 164 257 369
Taoyuan 44 144 237 349
Panchiao 26 176 269 381
Hsinchu 91 93 186 298
Ilan 27092 363 475
Keelung 0 191 284 396
Lotung 102 280 373 485
Toufen 104 74 167 279
Miaoli 128 44 137 249
Shuangsi 50 228 321 433
Pinglin 56 234 327 439
Central Taiwan
Taichung 178 0 107 219
Chiayi 271 107 0 116
Hualien 230 136 143 255
Changhua 194 30 81 193
Tungshih 179 33 126 238
177Chingshui 124 23631
Puli 235 57 164 276
Nantou 208 30 18573
Tienchung 231 67 19684
Hsilo 233 19869 86
273Chusan 51 16856
298 193Shuili 57 81
Southern Taiwan
219383 116Kaohsiung 0
170Tainam 334 71 67
389 225 122 0Tsoyin
394 230 25127Pintung











Transport Cost per Equivalent Case (in NT$)
Warehouse Hsichih Taichung Chiayi Kaohsiung
Northern Taiwan
Taipei 0.00 13.99 16.38 19.26
Taoyuan 6.12 13.21 15.87 18.75
Panchiao 4.84 14.30 16.69 19.57
Hsinchu 9.45 9.59 14.56 17.44
Ilan 12.31 21.23 25.89 31.50
Keelung 0.00 14.69 17.08 19.96
Lotung 12.81 21.73 26.39 32.00
Toufen 10.37 8.25 14.07 16.95
Miaoli 12.08 6.12 12.71 16.18
Shuangsi 10.21 19.12 23.78 29.39
Pinglin 10.51 19.42 24.08 29.69
Central Taiwan
Taichung 14.35 0.00 10.59 15.41
Chiayi 16.74 10.59 0.00 11.22
Hualien 19.22 14.51 14.86 20.48
Changhua 14.77 5.13 8.74 14.74
Tungshih 14.38 11.935.34 15.90
Chingshui 14.33 11.79 15.855.20
Puli 15.82 7.04 13.99 16.87
Nantou 15.13 14.535.13 8.18
Tienchung 15.72 14.827.75 8.96
Hsilo 15.77 7.89 14.879.10
16.80Chusan 6.62 14.106.97
17.44 14.74Shuili 7.04 8.74
Southern Taiwan
19.62 15.41 11.22Kaohsiung 0.00
18.36 14.15 8.03Tainam 7.75
15.5619.78 11.65Tsoyin 0.00
19.91 15.69 12.00 4.77Pintung
18.52 13.4131.90 23.68Taitung










Flavour % of Sales Sugar Yield
Cola 44 9, 414 liters per ton
Others 56 6,852 liters per ton
Labour
There is no appreciable difference in labour rate between
different locations in Taiwan.
Indirect Cost
Administratively, indirect costs for a plant located in
Central or Southern Taiwan will be higher as the existing
plant and head office are at Northern Taiwan. The additional
control procedures and staff personnel requirements are





NT$ 7,000 /sq.m,NT$ 8,000 /sq.m.Land
NT$ 9,000 /sq.m,Building NT$ 10,000 /sq.m.
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There is a difference in cost of land and building as shown






The. problem comprises of a set of supply points (the
production plants), a set of demand points (the warehouses),
a quantity (positive integer) of products (cans and bottles)
to be distributed, and a set of transport costs. The two
major products, cans and bottles, are easily segregated and
hence they are treated as two problems. Also, each of the
six bottle packages has its own transport cost and thus the
problem now consists of seven sub-problems. This is further
complicated by the fact that the bottle production line has
to take care of six packages which have different demands in
different years. Although the total problem can be handled
by a computer software on linear programming, the writer
cannot locate in time an off-the-shelf software compatible
with an IBM-PCXT microcomputer. Therefore the problem must
be simplified to enable the writer to use some of the
readily available spreadsheet software such as Lotus 1-2-3
to tackle the problem.
By converting all the package case volumes to equivalent
acases, the different sets of transportation costs are
reduced to one set only. This has the additional benefit
that it solves the utilisation problem of the bottle line in
that all bottle products are being treated as one now. Only
two products need to be examined, i.e. bottles and cans.
This is more manageable and workable by Lotus 1-2-3, a
software the writer selected.
The problem, in its simplified form, is approached by the
transportation alogrithm which is a simplex method
specialised to the format as shown in Figure (2).
FIGURE (2)
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a- Refer to Chapter III.
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The objective is to
minimise
subject to
: all x non-negative and integralAwith
1
The Northwest corner rule is used to allocate supply to
demand to arrive at an initial basic solution. Then assign
vl= 0 and calculate the remaining ui and vj so that for
each basic variable (where there is allocation of supply):
For each nonbasic variable (where there is no supply),
calculate the quantity:
If any of the hi j is negative, shift the supply quantity in
that cell and recalculate ui, vj and hij. An optimal
solution is reached when:
The Lotus 1-2-3 was used to execute the calculation
a- The Transportation Algorithm, Operation Research,
R. Bronson, (September 1983) pg 71.
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iterations. For each alternative, each package (can and
bottle) and each year, a transportation tableau is
established to obtain the minimum cost solution. All product
volume, cij, ui and vj were calculated and entered manually.
The total transport cost_ and hij were computed by the
software. The worksheets showing the minimum cost solutions
are shown in Appendix 1, 2 and 3.
Selection of Alternatives
The new plant location needs to be selected from the west
coast towns to take advantage of the excellent highway
system on that coast. The east coast is too mountainous, not
economical for transport products from and hence is not
considered.
Initially four possible locations from the west coast were
selected: Taipei, Taichung, Chiayi and Kaohsiung. On
examination of the location and sales volume of the
warehouses, it was felt that Taichung and Chiayi were too
close to be considered as two alternatives. It was decided
to choose Chiayi as the latter is closer to the southern
counties and hence can achieve higher transport saving
benefits.
The alternatives are therefore:
1) Alternative 1- Hsichih/Taipei
2) Alternative 2- Hsichih/Chiayi
3) Alternative 3- Hsichih/Kaohsiung
Choice of Supply Volume of the New Plant
for Use in Linear Programming
A comparison of the sales projections in Table 4 and the
Hsichih plant's existing production capacity for year 1991
provides the new plant's required production capacity as










1,6221,207Capacity of New Plant
Assigned Production
3,1254,947Capacity
For the purpose of performing the transportation problem,
i.e. to ensure that abundant supply is available from the
new plant to minimise the supply constraint, a larger than
necessary production capacity is assigned temporarily for
the new plant, also shown in Table 13.
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The actual requirement of production capacity in the new
plant is determined only after the results of the
transportation problem are obtained. The result will provide
indications as to how much capacity the new plant will need.
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TABLE 14
TRANSPORT COST SUMMARY (in '000 NT$)




1987 17,886.7 11,597.1 10,278.9
1988 21,526.5 13,774.5 12,347.4
1989 26,285.3 16,536.1 14,802.4
1990 30,987.1 19,367.6 17,878.0
1991 36,511.0 22,678.4 21,637.3
Sub-Total: 133,196.60 83,953.7 76,944.0
B. RB OWB
1987 26,751.7 17,344.7 15,375.1
1988 29,740.8 19,030.5 17,058.2
1989 34,532.0 21,724.3 19,445.4
1990 38,770.2 24,232.7 22,159.8
1991 43,585.5 27,072.7 25,255.7
Sub-Total: 173,380.2 109,404.9 99,294.2
.C. Total S 306,576.8 193,358.6 176,238.2
TABLE 15
TRANSPORT SAVING SUMMARY (in '000 NT$)










Cost Savings Compared to-Alternative 1
A comparison summary of all the 'costs pertaining to the
different plant locations will indicate which alternative
offers the most optimal plant location.
Transport Cost
Tables 14 and 15 summarise the transport costs and savings
obtained from the worksheets in Appendix 1. Alternatives 2
and 3 are compared with Alternative 1 which serves as a
comparison base.
Sugar Cost
Sugar is NT$ 300 per ton cheaper in Central/Southern Taiwan,
the product volume produced from a new plant located at this
area will realise a saving comparing with a new plant
located at the north. Table 16 shows the product volume
produced from each plant for all the alternatives. The





(in 1 000 Liters)






Total Central Southern Taiwan: 0






Total Central Southern Taiwan: 161,082










Alternative 2 Alternative 3
Volume Produced
in Central/Southern
161,080,000 LTaiwan (1987-1991) 118,921,000 L
20,694 tons 15,277 tonsSugar Requirement
Saving Compared to
NT$ 4,583,000Alternative 1 NT$ 6,208,000
Capital Investment
For the purpose of comparing the alternatives, assume a
minimum plant will be built. This plant will accomodate one
production line now. The land area allows plant expansion in
future to take up another production line. The required
areas needed for such a plant and the difference in capital
investments for the alternatives are shown in Table 18.
While no depreciation is assumed for land, a 5% depreciation
is used for buildings in Taiwan. The depreciation saving per
year is computed as:
Investment Saving x 0.05
and which is also shown in Table 18.




Area Alternative 2 Alternative 3
Requirement- (compared to Alternative 1)
(in NT$ 1,000)
16,000Land 16,000 sq.m. 16,000
5.000Building 5,000 sq.m. 5,000
Building
Depreciation
per Year 250 250
Total Saving Summary
The total saving summary, including indirect costs, is shown
in Table 19.
TABLE 19
TOTAL SAVINGS SUMMARY (1987- 1991)
Alternative 3Alternative 2









From Table 19, it is obvious that the new plant should not
be located at Taipei because of the high transport cost to
distribute to warehouses in Central and Southern Taiwan. The
choice between Chiayi and Kaohsiung is not so clear cut by
looking at the cost alone. For example, slight change in
transport rates may tip the choice from one to the other.
Also, as the sales volume grows and when the Hsichih plant
does not have sufficient capacity to supply Northern Taiwan,
the transport cost for Alternative 3 will rise significantly
due to the need of the Kaohsiung plant to supply Northern
Taiwan. However, we would still recommend to select
Kaohsiung as the better location for the new plant because
the out-of-capacity situation for Northern Taiwan should not
happen before 1992/93 and there is sufficient time to
upgrade the Hsichih production facility. Also Kaohsiung is a
bigger town and has more back-up facilities such as
availability of skilled labour, electrical power supply,
water supply, etc. Therefore, Kaohsiung is preferred.
Production Capacity of New Plant
As production of canned products requires different




The required can production capacity in 1991 of the new
(Kaohsiung) plant is 1,622,000 equivalent cases which
equates to 520 physical eases per hour with the- production
line running 20 hours per peak day. The recommended
practice for new line sizing is to have a line large enough
to run only 10 hours per day to meet the 1991 requirement.
This will provide adequate capacity to cope with future
sales growth without a major modification to the plant to
take up a new production line. Therefore the new can line
should have a production capacity of 1,040 physical cases
per hour or 520 cans per minute. Table 4 shows that this
capacity is needed before the peak months of 1987.
Bottle Line
The required bottle production capacity in 1991 is 1,412,000
equivalent cases which equates to 560 physical cases per
hour, again assuming 10-hour production time per peak day in
1991. This is equivalent to a bottle line of 300 bottles
(300-m1 returnable bottles) per minute. Table 4 shows that
this capacity is needed before the peak months of 1990.
a- From data contained in Appendix 3, Year 1991. Equals to
the assigned plant volume minus the DUMMY volume.
b- A peak day equals to 1/30th of a peak month which in turn
equals to 12% of annual sales.
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To Install Bottle Line in 198-7 or 1990
The magnitude of the difference in 'transport costs between
Alternatives 1 and 3 indicates that it may be economical to
install the bottle line at -t-he same ti-me--with- the can --li-ne
in 1987. That it has not been done earlier by the company to
reduce transport cost was because the capital investment for
constructing a new plant to save transport cost alone was
not justifiable. Now that a new plant must be built and
ready by 1987, the economics should be reexamined on this
basis.
On comparing Alternatives 1 and 3. Table 14 shows the
transport saving for bottle products for 1987- 1989. The
incremental investment due to installing the new bottle line
earlier, and the related depreciation charge per year are
shown in Table 20.
TABLE 20




18,0001. Building Expansion 900
89,0002. Equipment- Major 6,595
10,0003. Equip.- Support 741
117,000Total 8,236
a- 5% o.a. for building 7.41% p.a. for equipment.
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The cost due to installing the bottle line earlier is the
capital cost for the three-year period. As the building and
equipment of a soft-drink plant last over 15 years, we
assume that the building and equipment worth only 80% of its
initial cost after three years (1987/1990). Therefore the
capital cost is:
NT$ 117,000,000 x 0.20= NT$ 23,400,000
The depreciation value over these three years was not used
because the book value is not always representative of the
actual worth of the equipment. The transport savings and
after-tax savings for 1987/1989 are shown in Table 21.
TABLE 21












a- Neglect other minor savings such as that due to sugar.
b- Equals to: Saving- (Saving- Depreciation) x tax rate.
Taiwan tax rate is 50%.
c- Payback period is 2.3 years.
d- Equals to: (Saving- Depreciation) x (1- tax rate)
Investment
36
Table 21 shows that the payback period is satisfactory but
the return-on-investment seemed low. Whether the bottle line
will be installed in 1987 or 1990 will depend largely on the
cash flow of the company and the company's feel on sales
growth. If the sales growth will be higher than that in the
forecast, then to install the bottle line in 1987 is a
viable and good option.
Capital Investment
Given that the company shall have two production lines in
Kaohsiung by 1990 the latest, how the plant should be built
and at how much capital cost need to be evaluated. There are
basically two ways to build this plant:
1) Build a minimum plant for two production. lines. This
option has the benefit of minimising initial investment. If
and when the sales demand increases to requiring another new
plant to be built, one can select to build this plant in
Central Taiwan to take advantage of the transport savings.
2) Build a larger than necessary plant for a third line to
be installed in future. This option requires higher initial
investment. However r the total future cost of having three
production lines in one plant is less than that of three
lines housed in two plants.
To evaluate these two options, the required capital




(all costs in NT$ 1,000)
Minimum Plant Large Plant
Item xegt Cost Reqt. Cos t
For two lines only
1. Land 16,000 sq.m. 112,000 22,000 sq.m. 154,000
2. Building 5,000 sq.m. 45,000 5,000 sq.m. 45,000
2 lines 178,0003. Maj.Equip. 2 lines 178,000
4. Sup.Equip. 1 lot 20,000 1 lot 30,000
Total 355,000 a 407,000
Additional line
56,0008,000 sq.m. v01. Land
27,0002. Building 3,000 sq.m. 2,000 sq.m. 18,000
1 line 89,0003. Ma j .Equip. 1 line 89,000





- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
a- For comparison only. The actual capital investment for a
minimum plant, including furniture and fittings, should
be NT$ 380 million.
b- Land: NT$ 14 million Building: NT$ 9 million
Equipment: NT$ 5 million.
Again, the transport cost affects the selection of the
options. A transport cost study is performed for 1991 using
Hsichih/Taichung/Kaohsiung as the plant combination:
Alternative 4, and the results are in Appendix 4. The
transport cost savings compared to Alternative 3 (Hsichih/
Kaohsiung) for 1991 are shown in Table 23.
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TABLE 23
TRANSPORT COST SAVINGS SUMMARY
(in NT$ 1,000)
Package Alternative 3 Alternative 4 Saving
Can 21, 637 13,332 8, 305
Ret./One -ways 25,256 15,915 9,341
Although installing two lines at Taichung will show high
transport savings, it is actually impractical because it
will take a long time before the company needs two
additional lines. Sales demand variations then may change
the total picture and hence we shall not consider two lines
at Taichung. Assuming only one line will be installed, from
Table 23, the line should be a bottle line and the annual
saving is NT$ 9 million in 1991.
Again we shall look at the two options from a financial
standpoint. The capital cost due to having a plant at
Taichung is NT$ 28 million. As the bottle capacity is more
than adequate in 1991, assume the Taichung line will not be
needed until 1995. The transport cost study indicates that
the cost differences increase at approximately 10% per year.
Therefore by 1995, the average annual transport saving will
be NT$ 13 million. Table 24 shows the financial evaluation
of Alternative 4 compared to Alternative 3 with a larger
plant. It should be noted that this comparison has not taken
39
the lower initial investment for Alternative 4 for the first
few years and hence is biased against Alternative 4.
However, it is difficult to put a value to this benefit. As
the result in Table 4 is already in favour of Alternative 4,
there is no real need to take this into account.'
a
TABLE 24
ALTERNATIVE 4 VERSUS 3
(all cost in NT$ 1,000)
Year 1 2 43






a- Using the same format as Table 21.
b- Of the NT$ 28 million differential investment, NT$l4
million is land, NT$ 9 million is building and NT$ 5
million is equipment. Depr. 9 x 5%+ 5 x 7.41% )
million NT$.
The payback period for the incremental investment is 3.6
years while the average return on investment for this period
is 25.5%. Hence Alternative 4 is more attractive and the new
plant should be planned per Alternative 4, i.e. build a




The discussions and results in Chapter V provide the basis
for these recommendations:
1) Build a new plant at Kaohsiung.
2) The new plant must be in operation before the peak months
of 1987.
3) The new plant should be sized to accommodate two
production lines only: a bottle line and a can line. A
minimum plant will be built, i.e. no internal expansion of
the plant needs to be allowed.
4) The capacities of the bottle and can lines should be 300
bottles per minute and 520 cans per minute respectively.
5) The can line needs to be installed before the peak months
of 1987 and the bottle line before 1990. However, it may be
worthwhile to install the bottle line earlier if sales
demand exceeds forecast.
6) The budget for capital investment of the new plant,
41
including furniture and fittings, should be NT$ 380 million.
7) If and when the Hsichih and Kaohsiung production
capacities are to be exceeded and a new plant needs to'be
build, the new plant should be located in Central Taiwan at




Given the relatively simple distribution system of the
Taiwan Bottling Company, it is possible to perform the
linear programming with a Lotus 1-2-3 software. However,
when the number of production plants increases to four or
more, and the number of warehouses remains at 35, it will be
impractical to try to solve the problem by Lotus 1-2-3.
There are softwares available which can handle complex
linear programming studies. For example, IBM has a product
programme called MPSX for Mathematical Programming which
contains linear programming. The solution given by MPSX is
not in readable form and another programme called Report
Generator is also needed. However, both programmes can only
be used on IBM mainframe computers. It will be interesting
to develop a programme which can be used on IBM-PC which is
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APPENDIX 2
WORKSHEETS FOR ALTERNATIVE 2
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